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SECOND 

DEVICE 

ALIGNMENT 
CONTROL 
LOGIC 

[57] ABSTRACT 

The present invention provides an alignment logic circuit 
transferring segments of data from a ?rst storage device to 
a second storage device. The segments of data are aligned in 
the ?rst storage device, in a ?rst and second dimension, 
according to a ?rst con?guration. The segments of data are 
aligned in the second storage device, in the ?rst and second 
dimension according to a second con?guration. The align 
ment logic circuit includes a ?rst alignment stage, a second 
alignment stage, and an alignment control logic controls the 
?rst alignment stage such that the ?rst alignment stage 
outputs data aligned in the ?rst dimension according to the 
second con?guration, and the second alignment stage out 
puts data aligned in the second dimension according to the 
second con?guration. 

It is also provided a computer system With a DMA controller 
With a Memory Write and Invalidate logic circuit. The 
Memory Write and Invalidate logic circuit generates a 
Memory Write and Invalidate enable signal When the DMA 
byte count is greater than a recall With a cacheline size, and 
the current transfer adders is a multiple of the cacheline size. 

The present invention also provides a computer system 
including a host processor, a ?rst bus coupled to the host 
processor, a second bus, slave circuit coupled to the second 
bus, and a direct memory access controller (DMA). The 
DMA performs DMA transactions between the ?rst and 
second buses. The DMA controller includes a DMA error 
handling logic, coupled to the host processor, for receiving 
a retry signal indicative of a retry request of the slave circuit. 
The DMA error handling logic also receives an error signal 
indicative of an error on the ?rst bus. The error handling 
logic aborts a DMA transfer When the error signal is asserted 
and the retry signal is deasserted. 

10 Claims, 14 Drawing Sheets 
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SYSTEM FOR TRANSFERRING DATA 
SEGMENTS FROM A FIRST STORAGE 

DEVICE TO A SECOND STORAGE DEVICE 
USING AN ALIGNMENT STAGE INCLUDING 
EVEN AND ODD TEMPORARY DEVICES 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to the ?eld of computer 

systems architecture. More speci?cally, the present inven 
tion relates to an improved Direct Memory Access (DMA) 
controller. 

(2) Description of Related Art 
DMA controllers are used in computer systems for mov 

ing blocks of data from one location to another location, 
While relieving the host processor of the need to generate a 
long sequence of addresses to accomplish the transfer of 
data. The DMA controller is started by an event, and 
generates addresses of a source location Wherein data is 
transferred to a destination location. Typically, the data 
transferred is a large block of data Which begins at a source 
address and is moved to a destination beginning at a desti 
nation address. 

In many storage devices such as memories, data can be 
stored on double-Word boundaries, each double-Word con 
sisting of four bytes of data. In such memories, each read or 
Write cycle, from or to the memory, involves accessing a 
double-Word from either the source or the destination 
memory. Data, hoWever, may be stored on boundaries other 
than double-Word such as byte or Word boundaries. 
HoWever, a DMA transfer of a block of data betWeen a 
source storage device and a destination storage device 
becomes more complicated When the starting address in the 
source storage device does not align on byte boundaries With 
the starting address in the destination storage device. 

FIG. 1 shoWs a source storage device 2 storing a block of 
tWelve bytes of data starting at address 000 0201H. This 
address corresponds to the address of the ?rst byte of data of 
the block stored in the source storage device 2. The ?rst byte 
of data of the block resides in the second byte location of the 
double Word having the address 000 0200H. The block of 
data from the source storage device is received by the 
destination storage device 4 Which stores this block begin 
ning With the fourth byte of data of the double Word having 
the address 4001 0300H. According to this con?guration, a 
DMA controller Would have to read bytes B1, B2, and B3 of 
the ?rst double Word starting at address 000 0200H. Then, 
bytes B1, B2, and B3 Would be Written in one cycle to a 
temporary storage device. The DMA controller Would then, 
in another cycle, Write byte B1 in the destination storage 
device at address 4001 0303H. Asecond read operation from 
the source storage device Would retrieve the double Word 
starting at address 000 0204H. Bytes B4 and B5 Would thus 
be stored in, the temporary storage device together, With 
bytes B2 and B3 aligned in the sequence B5 B4 B3 B2. 
HoWever, bytes B6 and B7 read from address 000 0204H 
together With B5 and B4 Would have to be read again from 
the source storage device in a next cycle because the 
temporary storage device Would be full With the double 
Word B5 B4 B3 B2. As one can see, the discrepancy in 
alignment betWeen the con?guration of the block of data 
stored in the source storage device and the con?guration of 
data to be stored in the destination storage device causes an 
additional read cycle penalty. 

It is desirable to provide a faster and more ef?cient 
mechanism for aligning data from a source storage device 
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2 
into a destination storage device on byte, Word, and double 
Word boundaries. This is particularly critical in applications 
requiring transfer of blocks of data at high speed. 
DMA controllers can be particularly useful in conjunction 

With a Peripheral Component Interconnect (PCI) system. 
Integration of a DMA controller into a PCI system, hoWever, 
may require compliance With PCI protocols for transfer of 
data. For example, in a PCI system, according to the revision 
7.1 of the PCI Special Interest Group located in Portland, 
Oreg., local memory to PCI transfers can be performed by 
means of tWo PCI Write commands: Memory Write and 
Memory Write and Invalidate (MWI). The Memory Write 
(MW) can be used by a computer system in Which a DMA 
controller is integrated to Write data to a PCI agent. The 
Memory Write command is a command compatible With the 
PCI system architecture Which is used to update data in the 
memory. A Memory Write and Invalidate (MWI) command 
is semantically identical to the Memory Write command 
except that it additionally guarantees a minimum transfer of 
one complete cacheline during the current transaction. 
According to this command, the master intends to Write all 
bytes Within an address cacheline in a single PCI transaction 
unless the master is interrupted by the target. This command 
alloWs a memory performance optimiZation by invalidating 
a dirty line in a Write-back cache Without requiring the actual 
Write-back cycle, thus shortening access time. If the target, 
i.e., the PCI agent is cacheable memory, the Memory Write 
and Invalidate (MWI) command Will improve the system 
performance. For more information about the PCI systems 
and the Memory Write and Invalidate command, see The 
PCI Local Bus Speci?cation, revision 2.1 of the PCI Special 
Interest Group, located in Portland, Oreg. 

In order to use the Memory Write and Memory Write and 
Invalidate commands on the PCI bus When a DMA transfer 
betWeen local memory and PCI bus is desired, a DMA 
channel Will have to be programmed by the application 
softWare. HoWever, there are a number of circumstances 
Which may prevent a DMA controller from actually initiat 
ing the MWI command. For example, to satisfy the PCI 
requirements for MWI, the PCI master such as a DMA 
controller Would have to start a transaction on a cacheline 
boundary and transfer at least one cacheline of data Without 
interruption. The application softWare Would need to be 
responsible for compliance With the PCI requirements. 
Observance of the PCI requirements by the application 
softWare, hoWever, poses signi?cant overhead problems. 
The softWare Would ?rst have to be fairly complicated, and 
the system performance Would be affected by the use of the 
respective softWare design. AhardWare mechanism, provid 
ing full PCI compliance, of a DMA controller transferring 
data betWeen a local and a PCI bus Would be advantageous 
over softWare implementation due to improved system per 
formance and ease of softWare design. It is, thus, desirable 
to provide for a hardWare apparatus for implementing MWI 
and MW transfers of data on a DMA controller for trans 
ferring data betWeen a local and a PCI bus. 

Additionally, the implementation of a DMA controller in 
conjunction With a PCI system may be confronted With 
signi?cant problems When errors on the local bus need to be 
handled. For example, if a local bus error occurs after a PCI 
retry is received from a slave circuit, the DMA controller 
may not be able to terminate the transfer. A retry request, in 
PCI compliant systems, is typically generated by a slave 
circuit to a master circuit, such as a DMA controller if the 
slave is unable to respond to a transaction at a current time. 
According to PCI revision 2.1, the DMA Would ?rst need to 
service the retry request. OtherWise, if the retry is not 
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serviced, the PCI slave could lock up. An example of the 
need for a retry in PCI systems Would be if the slave is 
currently locked for exclusive access by another master. The 
occurrence of a local bus error folloWed by a PCI retry poses 
the following problem. In order to avoid transferring data, 
Which might contain errors, from the local bus to the PCI 
bus, it Would be desirable to end the transfer When the error 
signal from the local bus is received. HoWever, a transfer 
cannot be terminated until the retry is satis?ed. In order to 
satisfy the retry, the DMA controller needs to prevent the 
host processor from noticing that an error has occurred. If 
the DMA controller Would simply not convey the host 
processor the error message and service the retry from the 
slave Which initially started the retry signal, then the host 
processor may still retain oWnership over the PCI bus and, 
thus, the transfer of the block of data programmed to be 
transferred in a DMA transfer Would continue. Continuing 
the transfer of data after having received an error message 
Would, hoWever, require sophisticated error handling logic. 
Such error handling logic Would be expensive due to the 
complexity required. 

It is, thus, desirable to provide for DMA error handling 
logic capable of handling a local bus error after a PCI retry 
request With minimum overhead. It is, also, desirable to 
provide for a mechanism capable of servicing a pending 
retry and aborting the DMA transfer in course once the retry 
Was serviced such that additional error handling logic Will 
not be required by the DMA controller. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides for an apparatus for trans 
ferring a number N of segments of data from a ?rst storage 
device to a second storage device. The segments of data are 
aligned in the ?rst storage device, in a ?rst and a second 
dimension, according to a ?rst con?guration. The segments 
of data are aligned in the second storage device, in the ?rst 
and second dimension, according to a second con?guration. 
The apparatus, according to the present invention, includes 
a ?rst alignment stage having, an input coupled to the ?rst 
storage device, a control gate for receiving a ?rst control 
signal, and an output. The apparatus, according to the 
present invention, further includes a second alignment stage 
having, an input coupled to the output of the ?rst alignment 
stage, an output coupled to the second storage device, and a 
control gate for receiving a second control signal. The 
alignment logic circuit also includes an alignment control 
logic for generating the ?rst and second control signals. The 
?rst alignment stage supplies at its output, in response to the 
?rst control signal, the segments of data aligned in a ?rst 
dimension according to the second con?guration. The sec 
ond stage supplies at its output, in response to the second 
control signal, the segments of data aligned in a second 
dimension according to the second con?guration. 

The present invention further provides for a computer 
system including a ?rst storage device partitioned into a 
plurality of bytes and into a plurality of storage lines, each 
storage line including a ?rst predetermined number N of 
bytes. The computer system, according to the present 
invention, further includes a second storage device and a 
direct memory access controller (DMA) for transferring data 
betWeen the ?rst storage device and the second storage 
device. The DMA controller includes a ?rst circuit for 
storing a DMA byte count, a second circuit for storing the 
predetermined number N, a third circuit for storing a current 
transfer address, and a Memory Write and Invalidate (MWI) 
logic circuit. The Memory Write and Invalidate logic circuit 
is coupled to the ?rst, second, and third circuits, for gener 
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4 
ating an MWI enable signal When the DMA byte count is 
greater than or equal With the predetermined number N and 
the current transfer address is a multiple of the number N. 

Yet, in another aspect of the present invention, it is 
provided a computer system including a host processor, a 
?rst bus coupled to the host processor, a second bus, a slave 
circuit coupled to the second bus, and the direct memory 
access controller (DMA). The DMA performs DMA trans 
actions betWeen the ?rst and second buses. The DMA 
controller includes a DMA ERROR handling logic, coupled 
to the host processor, for receiving a RETRY signal indica 
tive of a RETRY request of the slave circuit. The DMA 
ERROR handling logic also receives an ERROR signal 
indicative of an ERROR on the ?rst bus. The ERROR 
handling logic aborts a DMA transfer When the ERROR 
signal is asserted, and the RETRY signal is deasserted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, aspects, and advantages of the present 
invention Will become more fully apparent from the folloW 
ing detailed description, appended claims, and the accom 
panying draWings in Which: 

FIG. 1 shoWs a source storage device having data 
arranged in a ?rst con?guration, and a second storage device 
having data arranged in a second con?guration; 

FIG. 2a illustrates an embodiment of the apparatus for 
transferring data according to the present invention; 

FIG. 2b illustrates in more detail the operation of the 
second alignment stage of the apparatus according to the 
present invention; 

FIG. 2c further illustrates the operation of the second 
alignment stage of the apparatus according to the present 
invention; 

FIG. 3 illustrates a circuit for generating control signals 
and a set of multiplexers of the second alignment stage; 

FIG. 4 displays a pseudo-code listing of an alignment 
control logic according to the present invention; 

FIGS. 5a and 5b shoW in a tabular representation the 
con?guring of the control signals to the ?rst and the second 
alignment stage of the apparatus according to the present 
invention; 

FIG. 6 shoWs a block diagram of a second embodiment 
according to the present invention; 

FIG. 7 shoWs in more detail a second embodiment accord 
ing to the present invention; 

FIG. 8 shoWs a PCI request circuit according to the 
present invention; 

FIG. 9 shoWs a third embodiment of a computer system 
according to the present invention; and 

FIG. 10 shoWs a more detailed representation of this third 
embodiment of the computer system according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the folloWing description, numerous speci?c details are 
set forth to provide a thorough understanding of the present 
invention. HoWever, one having an ordinary skill in the art 
may be able to practice the invention With the speci?c 
details. In some instances, Well-known circuits, structures, 
and techniques have not been shoWn in detail not to unnec 
essarily obscure the present invention. 

FIG. 2 illustrates an alignment logic 200 for transferring 
data according to the present invention. This con?guration 
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Will be explained hereinafter in conjunction With a DMA 
controller transferring data betWeen a local bus coupled to a 
local memory and a queue coupled to a PCI bus. HoWever, 
the present invention is not limited to a DMA controller. The 
present invention can be utiliZed in conjunction With other 
devices Wherein data is transferred betWeen a ?rst storage 
device and a second storage device. 

Amultiplexer 206 is coupled at an output 210 thereof, via 
a ?rst bus 218, to the apparatus for transferring data, 
according to the present invention. Multiplexer 206 is 
coupled at an input 211 thereof to both a storage device 202, 
Which can be a local memory, and to a second storage device 
204, Which can be a queue of a DMA controller or a storage 
device coupled to a PCI bus (not shoWn). As one can see, the 
apparatus 200 offers the possibility for transferring data 
from both a PCI bus to a local bus and from a local bus to 
a PCI bus. The multiplexer 206 has a control input 208 for 
receiving a signal, PCIWRITE indicating Whether a transfer is 
directed from the local bus to the PCI bus or vice versa. 
According to this signal data, from either the local storage 
device 202 or from the PCI storage device 204, is selectively 
gated via output 210 of the multiplexer to the apparatus 200 
via the ?rst bus 218. 

For purposes of the folloWing description, one Will 
assume that the source storage device 202 has data arranged 
according to the con?guration of the data in the source 
storage device 2 shoWn in FIG. 1 and the destination storage 
device 204 Will store data transferred from the source 
storage device according to the con?guration of the desti 
nation storage device 4 shoWn in FIG. 1. A data con?gura 
tion is hereinafter de?ned as an arrangement of bytes of data 
in a storage device having a tWo-dimensional structure, i.e., 
divided in columns and roWs. A data con?guration is deter 
mined by the position (roW-Wise and column-Wise) of the 
?rst byte of data of a block and by the number of roWs 
storing the data of the block. As one can see in FIG. 1, data 
is aligned in both the source storage device and the desti 
nation storage device according to a roW and a column. For 
example, byte number 5, in the source storage device 2, is 
aligned in a ?rst data con?guration in roW 2, column 2. 
HoWever, byte number 5 is aligned in the second 
con?guration, in the second storage device 4, in roW 2, 
column 4. Hereinafter, the source storage device and the 
destination storage device Will be denominated as the ?rst 
storage device and the second storage device. 

The alignment logic circuit 200 of FIG. 2 includes a ?rst 
alignment stage 212 having an input 214 coupled to the ?rst 
storage device (202 or 204) via the multiplexer 206. In the 
preferred embodiment shoWn in FIG. 2, the ?rst stage 212 
includes four 8-bit-Wide 4/1 multiplexers. The number of 
multiplexers of the ?rst stage equals the number of segments 
of data or bytes that can be found in each roW of each of the 
storage devices. Since there are four bytes of data, in each 
roW of the ?rst and the second storage devices, the ?rst stage 
212 of the alignment logic Will include four multiplexers 
216. HoWever, the present invention is not limited to storage 
devices containing four bytes of data on each roW and, thus, 
is not limited to four multiplexers in the ?rst stage. The 
number of bytes in a roW can vary according to the desired 
application. In such case, the number of multiplexers 216 
Will equal the number of bytes of data contained in each roW 
of the ?rst and second storage devices. 

The alignment logic 200 further includes a ?rst bus 218 
coupled to the multiplexer 206. The ?rst bus 218, in this 
particular embodiment, includes four 8-bit lines L(i) 220 
Where i=0 through 3. In general, for storage devices includ 
ing N bytes of data in each roW, the ?rst bus 218 Will include 
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6 
N 8-bit lines L(i) for i=0 through N-l. Each of the lines 220 
correspond to one byte B(i) of the ?rst storage device for i=0 
through N-l. As one can see in this ?gure, each of the line 
L(i) 220 Will thus drive one byte of data B(i) having a 
position identi?ed by the index i. Each of the multiplexers 
216 has an input 222 coupled to one of the lines L(i) for i=0 
through N-l. In this particular embodiment, multiplexers 
216 have four 8-bit inputs 222, each input being coupled to 
a corresponding line 220 L(i). For example, multiplexer M3 
has a ?rst 8-bit input 222 coupled to the line L(0), a second 
input 223 coupled to the line L(1), a third input 224 coupled 
to the line L(2), and a fourth input 225 coupled to the line 
L(3). The other multiplexers M0, M1, and M2 are coupled 
in the same Way to the lines L(0), L(1), L(2), and L(3). In 
such Way, each multiplexer 216 can receive, at one time, all 
four bytes of data stored in one roW of the ?rst storage device 
202. HoWever, only one of the inputs of each of the 
multiplexer 216 is selectively supplied at the output 226 of 
each multiplexer. 
An alignment control logic 228 is coupled to the ?rst stage 

214 via line 230. Line 230 is a 4-bit line, in this particular 
embodiment, Wherein each bit line is coupled to a different 
control gate 232 of the multiplexers 216. The alignment 
control logic 228 is programmed before the transfer of data 
from the ?rst storage device to the second storage device is 
initiated. The alignment control logic 228 is programmed for 
generating a 4-bit signal via line 230 such that one of the 
bytes B0 through B3, driven by the lines L(0)—L(3), Will be 
selectively supplied at the output 226 of the multiplexers 
216. The byte supplied by each multiplexer 216 at the output 
226 is selected by the signal driven by the alignment logic 
such that this byte Will be positioned in the sequence of the 
four multiplexers, in a position corresponding to the same 
columns that this byte Would occupy in the second con?gu 
ration. Accordingly, multiplexers 216 Will generate at their 
output a double Word aligned in the ?rst dimension, i.e., 
aligned column-Wise, according to the position that this 
double Word Would have in the second con?guration of the 
second storage device. 

FIG. 1 shoWs 12 bytes of data aligned in a ?rst con?gu 
ration. According to the ?rst con?guration of the ?rst storage 
device shoWn in FIG. 1, the ?rst byte of data starts at column 
1, Which is the second column from the right. The roW 
Wherein this byte resides Will be denominated as the ?rst 
roW, i.e. roW 0. As one can see, the ?rst byte of data is 
aligned in the ?rst dimension in column 1, While this byte of 
data is aligned in the second dimension in roW 0. The second 
byte of data is aligned in the ?rst dimension in column 2 and 
in the second dimension in column 0, While the third byte of 
data is aligned in column 3, roW 0. 

Once the ?rst roW of data of the ?rst storage device 2 of 
FIG. 1 is read out of that device, the alignment control logic 
228, in conjunction With the ?rst alignment stage including 
multiplexers 216, Will align the bytes B1, B2 and B3, 
column-Wise according to the second con?guration. 
Accordingly, B1 Will be gated at the output of the multi 
plexer M3, B2 Will be gated at the output of the multiplexer 
M0, and the B3 Will be gated at the output of the multiplexer 
M1. As one can see, the ?rst stage, controlled by the 
alignment control logic 228, takes care of aligning data 
columnWise. The next step is aligning data according to the 
roWs in Which this data is to be found in the second 
con?guration of the second storage device 4 of FIG. 1. For 
example, the alignment in the second dimension, i.e., roW 
Wise, according to the second con?guration, demands that 
the ?rst byte B1 resides in roW 0, While the bytes B2 and B3 
reside in roW 1. A second alignment stage 240, responsible 
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for alignment according to roWs, has an input 242 coupled 
to the output of the ?rst alignment stage 212 and an output 
244 coupled to the second storage device. Additionally, the 
second alignment stage 240 includes a control gate 244. The 
control gate 244 is coupled to the alignment control logic 
228 for receiving, via line 242, a roW align signal. In 
response to this signal, the second alignment stage 240 
generates, at its output 244, bytes of data aligned in a second 
dimension, i.e., roW-Wise, according to the second con?gu 
ration. 

The output 244 of the second alignment stage 240 is 
coupled to the second storage device via four 8-bit output 
lines 0(i) for i=0 through N-l. In this particular example, N 
is 4. Each of the lines 0(i) for i=0 through 3 is coupled to the 
second storage device such that a byte of data residing, at the 
output of the second alignment stage, in the ith position can 
be Written into the second storage device at a location 
corresponding to a column having the ith position in a 
respective roW. Accordingly, the second alignment stage 240 
Will output, in each cycle, data aligned, both in the ?rst and 
the second dimension, according to the con?guration of the 
destination of the second storage device. In this case, in one 
cycle, the output line 0(3) Will drive byte B1 of the ?rst 
storage device. The lines 0(2), 0(1), and 0(0), respectively, 
Will contain “don’t care” data. In the next cycle, the output 
lines 0(3), 0(2), 0(1), and 0(0) Will contain the sequence of 
bytes B5, B4, B3 and B2. 

The second alignment stage 240 includes an odd tempo 
rary storage device 248 S(i) and an even temporary storage 
device 246 S(i) for i=0 through 3. The odd temporary storage 
device 248 includes, by Way of non-limiting example, four 
?ip-?ops S0, S1, S2 and S3. The even temporary storage 
device § includes four ?ip-?ops, %, g, g and g. Each 
of the ?ip-?ops 246 and 248 include a control gate 244 
Which is coupled to the alignment control logic 228 via line 
242. The alignment control logic 228 is adapted to generate 
enable signals via line 242 such that each of the temporary 
storage devices, the even and the odd, Will contain four bytes 
of data belonging to tWo consecutive roWs of data of the 
second con?guration. 

The operation of the second alignment logic in conjunc 
tion With the alignment control logic Will be explained in 
conjunction With FIG. 2b. As one can see from FIG. 2b, in 
one clock cycle, the ?rst roW including bytes B1, B2, and B3 
of the ?rst storage device 2 shoWn in FIG. 1 Will be Written 
to the temporary storage devices S(i) and S(i). More 
speci?cally, byte B1 Will be latched into the ?ip-?op S3, 
byte B2 Will be latched into the ?ip-?op m and byte B3 Will 
be latched into the ?ip-?op g. The alignment control logic 
228 (not shoWn in this ?gure) generates control signals 
Enbilatqlr to the gates 244 of the ?ip-?ops S(i) and § for i=0 
through 3. In the implementation of FIG. 2b, ?ip-?ops S3, 
g, and % receive control signals having logic level ‘0.’ The 
alignment control logic 228 (not shoWn) is also adapted to 
generate control signals to a second set of multiplexers 250. 
Multiplexers 250 are coupled to the odd and even temporary 
storage devices as shoWn in FIG. 2b. As one can see, at one 
time, the alignment control logic 228 Will generate a third 
control signal via line 252 to the output of multiplexers 250. 
The alignment control logic 228 generates each cycle loW 
and high control signals to the multiplexers 250 such that 
each cycle a different input of the multiplexer 250 Will be 
selected at the output of these multiplexers. According to 
this scheme, in each cycle, the output multiplexers 250 Will 
select data stored in either the odd temporary storage device 
or the even temporary storage device. In the particular 
example shoWn in FIG. 2b, alignment control logic 228 
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generates a logic 1 signal on line 252, thereby selecting the 
odd temporary storage device SO—S3. Accordingly, multi 
plexers 250 Will output a double Word of data in the 
sequence BlXXX, Where X is a “don’t care.” 

In the next cycle, a second roW of data residing at address 
000 0204H, in the ?rst storage device 2 shoWn in FIG. 1, Will 
be read from this storage device. Multiplexers 216, Will 
receive control signals, from the alignment control logic 
228, such that these multiplexers Will gate at their output the 
four bytes of the second roW of data of the ?rst storage 
device in the sequence B5, B4, B7, and B6. As one can see, 
the sequence B5, B4, B7, and B6 is aligned in the ?rst 
dimension, i.e., columnWise, according to the con?guration 
stored in the second storage device 4 of FIG. 1. The 
alignment control logic 228 Will also generate a second 
control signal to the temporary storage devices S(i) and 
S(i). The second control signal generated via line 242 Will 
enable the ?ip-?ops g to store byte B5, @ to store B4, S1 
to store B7, and S0 to store B6, as one can see from FIG. 2c. 

FIG. 2c shoWs the content of the temporary storage 
devices of the second alignment data after the second roW of 
data has been read from the ?rst storage device 2 of FIG. 1. 
As one can see, the second alignment stage stores in the 
?ip-?ops g, g, g and Q, the bytes B5, B4, B3, and B2, 
respectively. Bytes B2, B3, B4, and B5 are aligned accord 
ing to the second roW of the con?guration shoWn in the 
second storage device 4 of FIG. 1. The alignment control 
logic 228 also generates a third control signal to the multi 
plexers 250 Which causes selection of the odd temporary 
storage devices Q, g, g, and g by such that the double 
Word B5, B4, B3, and B2 Will be Written to the second 
storage device 4 of FIG. 1. 

Additionally, bytes B6 and B7 are also Written into the 
temporary storage devices of the second alignment stage 
concomitantly With bytes B4 and B5. As one can see from 
FIG. 2c, B6 is stored in ?ip-?op S0, While B7 is stored in 
?ip-?op S1. In so doing, the apparatus of the present 
invention overcomes the de?ciencies associated With 
devices having only one temporary storage device Which 
Would require a second reading of the data stored in the 
second roW of the ?rst storage device 2 of FIG. 1. As 
mentioned earlier in this application, a circuit having only 
one temporary storage device Would have to re-read the 
second roW of data of the ?rst storage device because the 
temporary storage device Would become full after bytes B2, 
B3, B4, and B5 Were stored therein. The apparatus according 
to the present invention, thus, overcomes this de?ciency by 
providing both an additional set of temporary storage 
registers, i.e. odd and even temporary storage devices and 
the multiplexers 250. Moreover, the alignment control logic 
228 Which generates control signals to the temporary storage 
devices S(i) and S(i) and to multiplexers 250, takes into 
account the con?gurations of both the ?rst storage device 
and the second storage devices. 

FIG. 3 shoWs a circuit for generating in an alternate 
manner enable signals to the multiplexers 250 shoWn in 
FIGS. 2a—2c. As one can see, ?ip-?op 260 is coupled to an 
inverter 262 Which is further Wired to the four multiplexers 
250. The output of inverter 262 is also fed back to a gate of 
the ?ip-?op 260. In this manner, ?ip-?op 260 alternatively 
selects the content of the odd-temporary storage cells in one 
cycle, and the contents of the even-temporary storage cells 
in the folloWing cycle and so on. 

FIG. 4 shoWs a pseudo-code listing, in pseudo-VHDL, for 
the alignment control logic 228. In line 1 of this listing, the 
processing logic, i.e., pseudo-VHDL, compares the address 
of the data in the ?rst con?guration, i.e., ADRALGSTART, 
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With the address of the data aligned in the second 
con?guration, i.e., ADRALGEND. ADRALGSTART typi 
cally denotes the column number at Which the data to be 
transferred starts. Similarly, ADRALGEND denotes the 
column number at Which the data in the second con?gura 
tion starts. If the ?rst byte in the ?rst con?guration of the 
data to be transferred starts at the same column as the ?rst 
byte of the data aligned in the second con?guration, then the 
processing logic Will generate an ALG 33 22 11 00. ALG 33 
22 11 00 means that the alignment logic circuit Will map 
each byte of each roW of data to be transferred “transpar 
ently.” In other Words, the byte of data located in column 0 
of the source storage device Will be transferred to column 0 
of the destination storage device, byte 1 in the source storage 
device Will be transferred to byte 1 in the destination storage 
device, byte 2 Will be transferred to the byte 2 of the 
destination storage device, and byte 3 of the source storage 
device Will be transferred to the byte 3 of the destination 
storage device. Assuming that the ?rst byte of the ?rst 
con?guration needs to be transferred to a different byte 
location in the second con?guration, then the processing 
logic of the alignment control logic 228 checks lines 2, 3, 
and 4 Where it determines What type of mapping of data is 
required. For example, as one can see, depending on the 
particular Way in Which data is con?gured in the second 
storage device relative to the ?rst storage device, the vectors 
ALG (32 21 10 03), ALG (31 20 13 02), or ALG (30 23 12 
01) are determined. The ?rst vector ALG 32 21 10 03 
corresponds to a 3-byte shift of data. In other Words, if the 
?rst byte of data Will appear in the second con?guration in 
a location shifted by 3 bytes, then the alignment processing 
logic Will generate the vector ALG 32 21 10 03. As one can 
see, during this part of the processing, the processing logic 
checks to see if the address of a byte positioned in column 
0 of the ?rst con?guration Will be shifted in the second 
con?guration to correspond to column 3, i.e., 
(ADRALGSTART=0 and AARALGENDZ3). Similarly, if 
a byte in the source storage device positioned in column 1 
Will be aligned into byte corresponding to column 0 of the 
destination storage device or if the source address is 2 and 
the address in the destination is 1, or if the source address is 
3 and the destination address is 2, then the vector ALG 32 
21 10 03 Will be generated. The other tWo vectors ALG 31 
20 13 02 and ALG 30 23 12 01 Will be similarly generated, 
each corresponding to a different shift in the con?guration. 

Lines 5, 6, 7, and 8 of the listing shoWn in FIG. 4 represent 
the outputs of the multiplexers 216. For example, MUXOUT 
(31 doWn to 24) represents the output of the multiplexer 
corresponding to the most signi?cant 8 bits of a double Word 
in the second con?guration. Similarly, MUXOUT (23 doWn 
to 16) represents the output of the multiplexer M2 of the ?rst 
alignment stage. As one can see, the lines 5, 6, 7, and 8 of 
the alignment processing logic determine Which of the 
inputs ALGIN should be gated to an output MUXOUT of the 
respective multiplexer. For example, the output of the mul 
tiplexer M3 of FIG. 2a Will receive the input ALGIN (31 
doWn to 24) When the alignment processing logic detects 
that the ?rst and the second con?gurations are identical, i.e., 
the bytes of data from the block of data to be transferred 
need not be shifted, but they remain in the same position. As 
one can see in this case, if the vector ALG 33 22 11 00 equals 
1 logic, i.e., this value is TRUE, then the output of the 
multiplexer M3 is supplied the input ALGIN Which corre 
sponds to the most signi?cant byte of the con?guration 
stored in the source storage device. Looking at FIG. 2a in 
this case, the multiplexer M3 Will select the eight bytes 
Which are driven by the line L(3). The line 6, 7, and 8 of the 
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listing similarly determine the outputs at the multiplexers 
M2, M1, and M0 of the ?rst alignment stage 212 based on 
the shift in the second con?guration relatively to the ?rst 
con?guration. Lines 9, 10, 11, and 12 shoW hoW the pro 
cessing logic determines the second control signals to the 
second alignment stage 240. More precisely, ENB3LAT 
denotes the enable control signal to the ?ip-?ops of the 
second alignment stage. The byte enable signals determine 
Which bytes Will be selected on an odd/even cycle. The 
Enb2latqlr signal is dependent on the starting and ending 
byte addresses. Once these byte enable signals are 
determined, these signals alternate every data cycle. 

FIGS. 5a and 5b shoW in tabular form the Way in Which 
the ?rst alignment stage shifts bytes of data at the outputs of 
the four multiplexers in order to provide alignment accord 
ing to columns. This ?gure also shoWs in a tabular form 
Which of the ?ip-?ops of the second alignment stage are 
enabled in order to provide alignment according to roWs. 
The ?rst column shoWs the shift in position from the source 
to the destination. For example, FIG. 5a shoWs, in the ?rst 
column and the bottom roW of this ?gure, the case Where 
byte 1 of the ?rst con?guration in the source storage device 
is shifted to the position of byte 3 in the second con?guration 
in the destination storage device, as the example of FIG. 1 
illustrates. As one can see from this table, the second column 
illustrates, for all four multiplexers, the routing of four bytes 
of input at each multiplexer. For example, B3 to B1 shoWs 
that the byte located in the 4th column, i.e., the left-most 
column of the ?rst con?guration, Will be moved to the byte, 
in the second con?guration, positioned in column 1, i.e., the 
second column from the right. Similarly, the other three lines 
shoW the shift in byte position for the rest of the bytes. The 
third column lists the control signals to the temporary 
storage devices 246 and 248 of the second alignment stage 
240. For example, ?ip-?ops S3, S2, g, and Q Will be 
enabled for aligning data column-Wise. This corresponds to 
FIG. 2b Where latches S3, S2, g, and m are enabled. 

FIG. 6 shoWs a block diagram of a second embodiment of 
a computer system according to the present invention. A 
computer system 600 is shoWn With local bus 602 coupled 
to ?rst storage device 604. The computer system 612 further 
includes a peripheral bus 612 Which can be, by Way of 
non-limiting example, a PCI bus. A second storage device 
610 is coupled to the PCI bus 612. The second storage 
device can be a cache memory, by Way on non-limiting 
example. Memory 610 is partitioned into a plurality of bytes 
(not shoWn) and plurality of cachelines (not shoWn). Each 
cacheline includes a ?rst predetermined number N of bytes. 
The computer system shoWn in FIG. 6 further includes a 

DMA controller 614 (shoWn in dotted lines) for transferring 
data betWeen the ?rst storage device 604 and the second 
storage device 610. The DMA controller includes a ?rst 
circuit 616 for storing a DMA byte count. The ?rst circuit 
616 Will be hereinafter referred to as byte count register. The 
DMA controller includes a second circuit 618 for storing the 
predetermined number N of storage lines. The second circuit 
Will be hereinafter referred to as “cacheline siZe register.” 
The DMA controller further includes a third circuit 620 for 
storing a current transfer address. The third circuit 620 Will 
be hereinafter referred to as “address register.” The DMA 
controller 614 further includes a Memory Write and Invali 
date (MWI) enable logic circuit 622 coupled to the cacheline 
siZe register 618, to the byte count register 616, and to the 
address register 620. The Memory Write and Invalidate 
enable logic circuit generates an enable signal MWIen When 
the DMA byte count stored in the byte count register 616 is 
greater or equal than a ?rst predetermined number N, equal 










